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We study the transverse lepton polarization (PT) in the exclusive processes of B!Kl 1l 2 and B
!K*l 1l 2. We find that the polarization is zero for B!Kl 1l 2 but nonzero for B!K*l 1l 2. The
average values of PT(B!K*l 1l 2) are 8.431024 and 2.031022 for l 5m and l 5t , respectively. The
polarization asymmetry is a T-odd observable, which connects with the non-Hermiticity of the effective
Hamiltonian, arising mainly from the cc¯ intermediate states. We also include the other two orthogonal com-
ponents, longitudinal and normal polarizations, in our discussions. @S0556-2821~98!02107-9#
PACS number~s!: 13.20.He, 13.88.1eI. INTRODUCTION
It is well known that, in the standard model, dilepton B
decays such as B!Xl 1l 2 do not occur at the tree level
and appear only at the quantum loop level. The observations
of the exclusive B!K*g as well as the inclusive B!Xsg
modes by the CLEO Collaboration @1# have stimulated the
study of rare B decays induced by the flavor-changing neu-
tral current b!s transition @2#. Experimentally, the upper
limits on the exclusive decays B!K (*)l 1l 2 from CLEO
and the Collider Detector at Fermilab ~CDF! @3# are less than
one order of magnitude above the standard model predic-
tions, respectively. In the standard model, the short-distance
~SD! contributions to the decays involving the b!s transi-
tion are dominated by loops with the top quark, while the
long-distance ~LD! contributions arise mainly from the J/c
and c8 resonances. Thus, the rare B decays are a good probe
of heavy top quark physics. Furthermore, it is also important
to study the decays of B!Xsl1l2 due to the potential test of
the effective Hamiltonian @4# and QCD corrections @5#.
It is pointed out by Ali et al. @6# that, in the standard
model, the measurement of the forward-backward asymme-
try of the dileptons in the inclusive b!sl 1l 2 decay pro-
vides information on the short-distance contribution domi-
nated by the top quark loops. Other interesting asymmetries,
such as the transverse, normal and longitudinal lepton polar-
ization asymmetries in the inclusive processes b!sl 1l 2,
denoted by PT , PN, and PL , respectively, are also important
observables. These asymmetries have been recently studied
by Kru¨ger et al. @7# and Hewett @8#. The PT is an T-odd
observable, arising mainly from the non-Hermiticity of the
effective Hamiltonian. Since PN and PT are both propor-
tional to the ratio of ml /mB , the t1t2 channel is especially
noticeable.
On the other hand, for the exclusive processes of B
!K (*)l 1l 2, the longitudinal polarization asymmetry has
been studied by Ref. @9#. In this report, we will investigate
the remaining two polarization asymmetries PT and PN . We
will show that the forward-backward and transverse lepton
polarization asymmetries of the exclusive decays B
!Ml1l2 are identically zero where M is a pseudoscalar
meson such as p and K , but nonzero when M is a vector
meson such as r and K*. But the longitudinal and normal570556-2821/98/57~7!/4479~4!/$15.00lepton polarizations for the exclusive modes are nonzero for
both cases of the pseudoscalar and vector mesons. In our
discussions, we will use the results of the relativistic quark
model by the light-front formalism @10,11# on the form fac-
tors in the hadronic matrix elements between the B and the
kaons.
The paper is organized as follows. In Sec. II, we give the
general effective Hamiltonian in the standard model for the
rare dilepton decays of interest. The form factors between
hadrons are also discussed. We study the polarization asym-
metries for the exclusive decays of B!K (*)l 1l 2 in Sec.
III. Our conclusions are summarized in Sec. IV.
II. EFFECTIVE HAMILTONIAN AND FORM FACTORS
The effective Hamiltonian relevant to b!sl1l2 based on
an operator product expansion is given by @12#
He f f5
4GFl t
A2 (i51
10
Ci~m!Oi~m!, ~1!
where GF denotes the Fermi constant, l t5VtbVts* is the
product of the Cabibbo-Kobayashi-Maskawa ~CKM! matrix
elements. The operators Oi(m) and the analytic expressions
for the Wilson coefficients are given in Ref. @12#. From Eq.
~1! , we obtain the amplitude for the inclusive process B
!Xsl 1l 2 @6,8,12,13# as
M5
GFa
A2p
l tS C8e f f s¯LgmbL l¯gml1C9 s¯LgmbL l¯gmg5l
22C7mb s¯Lismn
qn
q2 bR l
¯gml D . ~2!
Among the Wilson coefficients in Eq. ~2!, the most important
one is C8
e f f
, given by4479 © 1998 The American Physical Society
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where mˆ c5mc /mb , h5as(mb)/as(M W), a5e2/4p , and
sˆ5q2/mb
2 with q2 being the invariant mass of the dilepton.
In Eq. ~5!, it is found that h(mˆ c ,sˆ ), arising from the one-
loop contributions of O1 and O2, possesses an imaginary
part ip which appears from the associated penguin diagram.
Letting Hpeng be the effective Hamiltonian derived from the
penguin diagram, it contains the form
Hpeng;~ s¯LgmbL l¯gml !S F1~mˆ c2!1F2~mˆ c2!
3E
0
1
dx ln@q2x~12x !2mc
2# D , ~6!
with F1(x) and F2(x) being analytic function of x . Clearly,
it becomes complex when the invariant mass of the dilepton
is above the cc¯ threshold, i.e., q2.4mc
2 and real when it is
below the threshold. The last term of C8
e f f(mb) in Eq. ~3! is
the LD contribution mainly due to the J/c and c8 reso-
nances @14#, and the factor k must be chosen such that
k3C1(mb)1C2(mb).21 in order to correctly reproduce
the branching ratio of @6#
BR~B!J/cX!Xl l¯ !5BR~B!J/cX !BR~J/c!l l¯ !.
~7!We will see later that the imaginary part of C8
e f f is the main
source that contributes to the T-odd observable of PT . How-
ever, the last term in Eq. ~3! is close to zero if q2 is away
from the resonance regions.
In order to study the exclusive processes, we define the
hadronic matrix elements ^pK(*)u s¯gm(17g5)bupB& and
^pK(*)u s¯ismnq
n(16g5)bupB& as follows:
^pKu s¯gm~17g5!bupB&5F1~q2!Pm1F2~q2!qm , ~8!
^pKu s¯ismnqn~16g5!bupB&
5
1
mB1mK
@Pmq22~mB
2 2mK
2 !qm#FT~q2!, ~9!
^pK*u s¯gm~17g5!bupB&5
1
mB1mK*
@ iV~q2!emnabe*nPaqb
6A0~q2!~mB
2 2mK*
2
!em*
6A1~q2!~e*P !Pm
6A2~q2!~e*P !qm], ~10!
^pK*u s¯ismnq
n~16g5!bupB&
5ig~q2!emnabe*nPaqb
6a0~q2!~mB
2 2mK
2 !F em*2 1q2 ~e*q !qmG
6a1~q2!~e*P !F Pm2 1q2 ~Pq !qmG , ~11!
where P[pB1pK(*), and q[pB2pK(*). There are many
models used to evaluate the above form factors @15#. In this
paper, we use the form factors given by the relativistic con-
stituent quark model @10#. Although the qm term does not
contribute to the differential decay rate, it is important in the
calculations of the various polarization asymmetries. For the
form factors G2(5F2 ,A2), we relate them with
G1(5F1 ,A1) by the relation @16#
G2.2G1~mB
2 1mK~* !
2
!/~mB
2 2mK~* !
2
!. ~12!
III. LEPTON POLARIZATIONS IN BKl 1l 2
AND BK*l 1l 2
The lepton polarization vector can be decomposed into
three orthogonal components: longitudinal, normal, and
transverse. By writing the three orthogonal unit vectors as
eL5
pW 2
upW 2u
, ~13!
eN5
pW 23~pW K~* !3pW 2!
upW 23~pW K~* !3pW 2!u
, ~14!
eT5
pW K~* !3pW 2
upW K~* !3pW 2u
, ~15!
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2 and K (*),
we can define the longitudinal, normal, and transverse lepton
polarization asymmetries by
Pi~sˆ !5
dG~n5ei!/dsˆ2dG~n52ei!/dsˆ
dG~n5ei!/dsˆ1dG~n52ei!/dsˆ
, ~16!
where n is the polarization vector of l 2. The differential
decay rate of B!K (*)l 2l 1 is given by
dG
dsˆ
5
1
2 S dGdsˆ D
unpol
@11~PLeL1PTeT1PNeN!n# .
~17!
As can be easily seen from Eqs. ~15! and ~17!, the time-
reversal operation changes only the sign of PT . Therefore, a
nonzero value of PT implies an T-odd observable. PL and
PN are related to the polarization in the decay plane of the
lepton and kaon and thus T-even observables. The formula
for PL has been shown in Ref. @9#. Here we only discuss the
polarization asymmetries of PN and PT , which are given by
PN~sˆ !~B!Kl 1l 2!5
3pmˆ l
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f1/2S 2 Re C9C7 FT11Ar
2Re C8
e f fC9F1D
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PN~sˆ !~B!K*l 1l 2!5
pmˆ l
32Asˆ
f1/2V~sˆ !/RK*, ~20!
PT~sˆ !~B!K*l 1l 2!
52
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4 f
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11Ar
Asˆ Im~C8e f fC9!VA0 /RK*, ~21!
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b
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e f fC9
~11Ar !2
1
r
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3~12r2sˆ !# , ~22!
with r[mK(*)
2 /mB
2 and t[ml
2/mB
2
. The formulas for
a , b , d , D, and f , in Eqs. ~18!–~22!, can be found in
Refs. @9,10#, respectively. The PT is the T-odd observable of
interest. As is expected from the Im(FVFA*) term in Eq. ~3!
of Ref. @17# it comes mainly from the absorptive part of C8
e f f
induced from the loop as well as QCD corrections. Both O1
and O2 contribute to this absorptive part. But the latter is as
FIG. 1. Transverse polarization asymmetry of ~a! the m in B
!K*m1m2 and ~b! the t in B!K*t1t2 as function of sˆ with
mt5180 GeV. The dashed and solid lines correspond to the results
with and without the LD contributions from the resonance states,
respectively.
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charm-quark loop of four-quark operator matrix element can
be on shell and leads to the absorptive part. From Eq. ~18!, it
is found that PN for B!Kl 1l 2 has only two terms instead
of six terms in inclusive process @7#. One of them arises from
the interference between the vector and axial-vector opera-
tors, while the other from the interference between the axial-
vector and magnetic moment operators. In addition, the PT
for B!Kl 1l 2 is zero due to the pseudoscalar-
pseudoscalar transition of B!K , which gives no terms pro-
portional to emnab unlike the case of B!K*l 1l 2, in
which PT is nontrivial since K* is a spin-one vector meson.
The longitudinal polarization has been studied in Ref. @9#.
It is found that average values of PL of the muon and tau for
B!K (*)m1m2 and B!K (*)t1t2 are 20.8(20.7) and
20.2(20.5), respectively. Similar figures can be shown for
the normal polarizations in B!K (*)l 1l 2 (l 5e ,m) de-
cays. We observe that the LD contributions enhance both PL
and PN . We note that, in the neighborhood of
sˆ max[(12mK /mB)2, PN(B!Kl 1l 2) is decreasing for
l 5m but increasing for l 5t . The average values of PN of
the muon and t are found to be 0.1 and 0.6 for B
!Km1m2 and B!Kt1t2, respectively. In addition, as is
expected, the contribution to PN from the t1t2 channel is
much larger than that from the m1m2 one. Unlike the case in
B!Kl 1l 2, which contains only interference terms, there
are extra square terms that contribute to PN in B
!K*l 1l 2. We note that, among PL , PN and PT , PN in
B!K*l 1l 2 is the only quantity to receive a contribution
from a single vector (O8) or magnetic moment (O7) opera-
tor. We find that PN(B!K*l 1l 2) for both l 5m and
l 5t vanish at the maximal end point sˆ max[(12mK* /mB)2
due to the kinematic factor f in Eq. ~20!. The LD contribu-
tion to PN(B!K*t1t2) is always constructive relative to
the SD part. However, the LD contribution to PN(B
!K*m1m2) is oscillatory relative to the SD part. The av-
erage values of PN of the muon and t are found to be about
0.02 and 0.4 for B!K*m1m2 and B!K*t1t2, respec-
tively. It is obvious that the t1t2 channel has more consid-
erable contribution than the m1m2 channel.The PT for B!K*l 1l 2 is plotted in Figs. 1~a! and 1~b!
for l5m and t , respectively. It is kinematically forbidden at
the two end points. The LD effect in Fig. 1~b! is oscillatory
relative to the SD part. Although only the interference of
vector and axial-vector operators could make contributions
to the PT(B!K*l 1l 2), it still vanishes if there is no cc¯
resonance contribution to the coefficient C8
e f f
. In Fig. 1~a!, it
can be easily found that, for sˆ,4mˆ c
2
, PT is close to zero.
The average values of PT are found to be 8.431024 and
2.031022 for B!K*m1m2 and B!K*t1t2, respec-
tively. We remark that our results of the T-odd transverse
lepton polarization asymmetries for the exclusive B decays
are consistent with those given by Ref. @7# for the inclusive
ones.
IV. CONCLUSIONS
The transverse and normal polarization asymmetries for
exclusive dilepton rare B decays of B!Kl 1l 2 and B
!K*l 1l 2 are studied. We have shown that the transverse
lepton polarization is zero for B!Kl 1l 2 but nonzero for
B!K*l 1l 2. The average values of PT are found to be
8.431024 and 2.031022 for B!K*m1m2 and B
!K*t1t2, respectively. The transverse polarization asym-
metry is a T-odd observable which connects with the non-
hermiticity of the effective Hamiltonian, arising mainly from
the cc¯ intermediate states. The average values of PN of the
muon and t are found to be 0.1 and 0.6 for B!Km1m2 and
B!Kt1t2, and 0.02 and 0.4 for B!K*m1m2 and B
!K*t1t2, respectively. Finally, we remark that some of
the polarization asymmetries for t could be accessible in the
future B factories. For example, experimentally, to observe
the tau polarizations of (PL ,PN ,PT) in B!K*t1t2 at the
ns level, one needs at least (1.8,2.8,103)3107n2 BB¯ de-
cays, respectively.
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